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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a 
microelectronic element and an apparatus therefor, in detail, a method 
for producing a silicon ingot and to obtain a silicon ingot and a wafer 
produced by the method. 

SOLUTION: A silicon ingot is produced by pulling up an ingot in an axial 
direction from a melt in a hot zone furnace by an ingot pulling speed 
profile which is sufficiently high to prevent an interstitial mass and is 
sufficiently low to restrict a vacancy mass in a zone rich in vacancy. The 
ingot thus pulled up is sliced into zones rich in vacancy containing each 
vacancy mass at the center and plural semi-zero defect wafers having a 
zero defect zone free from a vacancy mass and an interstitial mass 
though being positioned between the zone rich in vacancy and the edge 
part of the wafers. 
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(2) 



ftfflsf 1 1-13 9 3 



|5S?-&5 c t #T-# 5 J: -5 £+#tcffiv>3l±iafi (pull 
rate) ^D77^^1?t>7 r- >ti s fa<D5' V 

-f>rJ>y hfc^— @£ t)^r#€y^cDc}3*<75^— 
ftSflSSi:, <-£>i''-gST>jiiiSi: , i'x-^ 

OJ"Jay-f vary hSJfi^tto 

ffla«3Et»f *5i±jaao*iBti!ij±*i*^r*aB 

38£©ffi 2ffllHt 5 SPg . 

y >rf-y h- tffflfB* -y h V =t >f&M®fr<b 

as© Jt#*it BH 1 BWjtw±atf tuie^2Bgw jtJ^TT- 

?T£ft&c fc^^tfc-f 3fS:£Jg 1 lcfBtt<D*>y hV- 
>JPT*«S/U v=f>y hfBi/m, 

Ha, -J£©iIH©5IJJStf^*>fc9Rnrr*5IJ^ 
£MfB* -y h y->tprtc0-> U n J'JSlHJBfr&SilM' > 

ttzftBtzmmt % c t *<&m tt zm^m. 3 

^-rs§i±iiS(CHijis*-y h »/— >ipfa(D->v =iymm 
m^mm^y^-y htts\±t£-ez>&mz, mm\±m 
mfrt>mmm\±mm&9m^m23\±m&ic y luteal 



[tt*JS6] fl9i23l±j£Sti--^<DlEH©3l±jIfi£ 
t>rc*jWLBW (linearly) IC BJg-r -5 C t*&Wlt-?Z 
5 »cfB*8<D*-y h V->*pT-(7» 'J n >-f V df-y 

tut Bfft 7j |o] t X 5 -i w y $ ntcMm^ y 3 -y h T?« 

i: fjf Sfto 73 (Si {c x 5 -T v tifc -Y v =f >y hrt TMf B 
BSB**Xfc^ft< fct— 0<Dffi73lR]<D{ftfi*->StfffB^l 

?&&&m3\ctim(Dfry hv'-yjp-C(D-yv=jy-<'y 

rf-y r-§i3§75i£o 

«^6R»l9l±3*SJ: »?^^2§|±jg«tc, IS^2§I 
r^ftr *§ l±aftt«JIB* -y r V-ypft<Dy v=i> 

tkzc £*&wifr2>m&m7 icmm(D*-y w-y 

mx°<D-y U n >f >=f -y hS3S7JSo 
[»*B9] MI2gi±jS*«5l±ia*©«SH»c*>fco 

rmBmc^-r zct ttz> 8 icmmco 

*>y f-y->*PT'0->'j3^>i7 hii^75ffi<, 
C»*S 1 0 ] HtjIBMl BHfJtRtfS2BWJt*S^r 

#n>3 7(0mMfr e> #513^1 St>*^2ESWi:b*6iig-r 5 

-Y>rf-y h5l±<DMfcMffi*^ h7-»PCi->5ib- 
^ f yfimfc <fe o T^gTJrSjSft^BB'/n 7 rY;Wc 

-fyuy hCD3\±CDffllcmtt-y bv~— yp<Di/^3L\s 

Suffi-C y =f -y h jb^MIB* -y h V- VjIFrt 6 § I 
±S*i*b#, MSB^STJfplSS^a^r-Y^fc^t-r^^ 

5ai/-f^ y7znrc3\±mmRzfntij3fou&7°n7- 
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^^MfB^ieg^i:bl-X±Sy : BulE^2f5IWttJ-XTT-^#$ 

1] Dfifi-^^i-^iBi** 

36%T'feS C fc*1$a £■? 5W*S2CfBigcD* <y 1- V 

— ViPT-Wv'U 3Wvi>y h£Jj&?ji£„ 10 

HuI2«S^tlfc>>x-M©§l±^fifc-r>rry hrtT-© 
MIB5»tg$nfci7i-/N©{iig^e. fiSfB^'h©^— # 

^ > n -y h ^Huf B4"> >y h V— © ~> U n 

SitcfB^©4->-> h'/-»PT'0-> l J3Wyi7 Ml 
[HjRJS 1 4 ] h5IB— ^©tSBJ©? l±jSStct>/c: o T 

825 1 ±iS£ «fc D JKfr ->835 1 ±3£jSlc 5 1 ±JiS©iBH K t> 

tcr>x agi±jiaicHui3* -y h v-v*^©^ y 

->^T*©5/U 3 W>=f-y b«ifi#8; 0 

-^©Igh©? i±aat t>tz r> t pt^t a § i±j§j*{c its 

mzmm-fz'Jv h^ms^c^j i/y?-?z>tm 
t, 

/h©^-*>->-fim«i^WL*^p., -Yv^-x?- 
->-v;b@3:9tf&</">4>&< o©tt73|qj{fcB*:fii8g so 



tuflB58ig? nrc ^ x — ^©3 i±isg t mmy; irhc x ^ 

-fy^W^y^ M*9T*©HufB4*6: < !:£>— o© 

o©tt?3|q|{fitBfcWLr-l'>df-y h-fgSltf&|g$4®T*© 

6§l±*n*«p«lfl5Jt***H«'rs5l±iS«yn7ri' 

ifctB«©*-y hV— >*P7?©->y3>-r>J-y hgiit 

CW#^16] MfB— >£©«!B©3l±j&Kfc:fc>fc-3T 
RlS-rS3l±jiatH«IE^-y h vjtFrto^U n 

»«ft»6lWIB»l3l±i»S«fc DffiffB23l±iSlS£fc:> MfB 
|±att«fc 0 Wv*35 l±JifiK3l±;S«E©iEB»cfr 
fc oTbTS-T a §l±MSTBuf B*-y h v^— ><Prt©->U 

->^T'©v-y h^ii7?ffio 
[«^17] BufB§l±SPg©«Hut;:. 
>rf -y h <m l±©F^fCmlfE* -y b % /— >^©iy = x 1^ 

-T^rf-y b§|±©KlcMfB*y hV— >j^©~>5xU— 

y5a U— r-f >^*nfc5l±iaSRtf5po>3^'ai& 
v'^^HSO^r-TVrf-y h©ltfi73(p]tCrSoT^— 

3R^tfBS©*-y l-y-^Wy'JnW^i'y hW. 
77^*T'*7 P/- >*Prt©rS^%^e>-f'>dr-y h^r 

r*©->y >dr>y htiji^o 

i 9 ] Huts? i±arew«K . miiB^ i_h e> n/c 

>vm m k> ft* (/ ^tfcf@©*gxisfi •> x — / n{c x 5 -c > tr 
■r * aB^agfi-r s c i: « wa i: -r « i s jc e«o 

*-y hy-»PfO->U3^yd7 h^ilyjffi. 
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■4 y z —t& is -v )vm s o ?tffi)t$ s rob tcunts n& 
mucn-t % 3 i ±m&(Dm i bsw itso*^— * > a 

> zf -y b # tijf 5* -y b V- >*Prt T* ~> U n 

5ift:/n:7r>Ol/*^?-S©»fc#a&fT*ttSCi::& 10 
mSfc-rsS8:£ai8icfB«c<D* -y b \r-z/jp-e<oi/ y a 
yjy-3v b«3i#&„ 

[li*2 1] MESlBBIWti:JB2BBSHt*»iS-r*a 

-^©ii©? \±&&ict>ft -> t nrg-r * s \±sss.t*m 

ffi*-y b */—>F[*i<Di'V 3ygItl*5.I¥'i'y37 
h2r3l_h£-e-3!SI5gi:, 

SiffBS^^rfy bSr'yx-^tcx^-i'i^y-f SISPSI 
^— * Big 0 >^-Xf->+;l/i$0 & 20 

ffiim&Z tltc? x— ^<D§ l±Mfi t -Y >rf -y b t?tu 
f5ttlg£nfc •> x-/N©ffiS*-« ?>M|g^lSO*^2EgWit 

So 

iiJSA^HufB^i?l±MS<fc»){go^25l±^ST% MIS 30 
if!23 |±a ft <fc ») iS^fg33 |±a*7?5 l±iS*0«!H 

ffiHTrj;&ct £ t %> IS5RS21 fcffitt© * y b V 
-yjpwjnv'fyi'j h^Jt^So 
[«^2 3] t&iB3IJdtfttt3l-tii£©i5Hfcfr;fc 

£>*-y bV~ ^*FT*©->'j3W>df y h^3§7aii*o 
[»^2 4] MIBmiBSSittM2lSgWlt«r^-r5 

t«^5ifc£fl£X7^X£n;fcg^>:J-y brtT<— * 

yy-lf ORyVy^-xfi/t/H^Otffttx 4 s 
ftfctufefft?3l6]{CX5"f'X?nfc-i'>dr>y brtT*f5t56i so 



Rr*-r*§ i±asresaas* >y b y->*prt?» u ^ >?g 

iSft^P.BulE^i?l±JiS«t »)fl^Sg23l±j£Stc, tufB 

^2? i±jaK <fc o wv»3§ i±ask:5 i±as©KHfct» 

o 3 3 l±J&ft £ Hut -y h >iPrtO -> V 

{cprs-rsc £%&&£•? zm$.m25tciBM(o*v b\r 

45nvn^tDSil^e>Hul5^lRtf^2lSgWJ±^BSS-rs 
^n*-y MI±cDP^{CHu!a4->-y t-V'->^tf)->5aU- 

«-r s § i ±as ^*^-r s mm £ , 

^>3-y h3l±<OffitCHuf5*-y h V— ^Oi/Sa U- 

\±m m*mz? %mm£, 
^HutB^-y bv—>ipftcDmmvnfrt>3\±2nzm, m 

15* l ESW J:k JK±R tf«»8 SSr2BS» Jt WT fc*t«r S n S 3 1 

±m&zfu7T^fo*&fe-rz®m£*ffi7Lzc£*<& 
m£-?%n#m2oicmm<Dfrv b */->tpT'<oz/v ^> 

>y b£§l±£-tf£l£isgi:, 

\,^x—>^mm?&m££. 

ffitsmmznrc •> x— i±jgfi t y > dr <y b rtT-o 

SufBSilSSnfc'i'x— /N<Dfig^P>s ^— *^->— H$ 
D Rt>W^ — X^~> ^ $ 0 > x — / nIC^J- L 

^df-y b Jb^HulB^ -y b V— >Pft<Dis V 3 vigUfefr 
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mmt^mmmm\±mm<t: K>is.^m2t\±mmc, mm 

iuSBSSlSS nfc x |±itS i: Suffitt^lS] lc X 5 

SlcttLT-f^rJ-y h-^BS^tf>&«!ffiT?<E>?gft£jEfc: 

^1 KKto* <y h v— >*p-e<o > U 3 W > 3 <y h U 

mwnfrzmm^y^-y h*$\±m&ntmit. nm\± 
mmt^wmmm\±MS.i: K>m.^m2^\±.mmc mm 

fcr> T nIS-r 33 l±jiS{CBufB* -y h V-^rtcDv' U 

[«S*gi 3 2 ] MIB3 \±®.mic?ift LT, 
Yi/n-y hgi±(OF^Bfiie*-y h V-^tRDv-S a U- 

-Y vdf -y h§l±©P^lCBufE*'y h 7-»PO->;a U— 
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* B&itr assart T-¥@st>*tt/3 iwuE«3Eic jtr * 3 1 
% mm t zmn? zctznmi:-?* tmm 1 8 \cmm<o 

* -y h V- ^iiPT'CO > U3W> rf -y h Wm?5 S» 
^-A/y-SSUSi:, -Y^-X^^jS^KI* 

-y hV-yjprt(Ov"; nyiawe.^'yi 7 h«r?l± 

[IS*3B3 4] t9855l±eHW»fc, fjiB3l±£nfc 
-r^rf-y @$ t) «r#t?^OttJJlitD^— 

ttyiz—m.'MW^h, '<—j3>i/—m'£*)RXf'0*— 

- / % tc x 5 w >- > * sp&tfa&ff $ n s c t t 

3 5 ] HUfB3 l±gPgtC$fetT 

^— * >~>— @$ 0 >3-y h^tf^O-^— 

-Tyi-yh ^BufE* -y h V— >&T* is 'J n >m®mfr p. 
3I±S*i*«f, f >3"-y hrt©iSK£JEt;:*hr33l±i§ 

i:^mfc-rsW*«l8tcfB«©*-y bV-> 
[W*^ 3 6 ] lufB^lBgWit tm28m)fc&&&*& 

fB*-y h V— >iPrtco-> U n ^JgWsfe^e.S^t' >dT -y 
BuiBS*l'>dr>y h*«>x— /NK^9-CS/>yr *SB 

iBBSig^ nfc x -^<Di&w mmm, \ ikwmvs&mk 
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pj^-r5?i±3i)g{CBufe^-y h v-ytppmisv =iy® 

fc o T pTSE-T *3 l±3a* K: WIB* v h V- >*P(*IO~> U 
fit* C *#a i: -T -5 »*B36tlB*0* v h V 

mmm^m^^^^nrcmm^y^-y hrt-e§/M> 20 

H&iEBiBSftfc^a < t fe-oco^73(plfitMO?|±jiS 

t Bufefft73 (Si t x 5 -y x $ n/c-r > rr -y -emzmm 
Rne-r*3i±aa«ct9E* v h v—ww^ y n >^ 

*2»Lha«J: 0«v^3§l±JSSK:SI±jfefto(BHKt» 
fc o T bJ^-T 5? l±3£lSlc tufB* -y h V- Vjprtc7» 'J 

[fH*g4 1] WK§l±3aSfi5l±iaSO«H»::t>fe 
<D*«y h »/— >0»-TC>>>y hSiatfffe, 

im&m 4 2 ] mmm 1 BaiiJt&tf ^BB^jt^as-r 

#a>3^«3Datt^5«lflH^lRlfM2BBIWt*Sti8-r* 
— r -r > yftiftfc <fc o T$ft 73 iPliag^gE^a 7 r -Y ;Wc so 
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SaSlBB»itW±&tf89IS»2BBISiJtWT»c«l«fSn*3l 
[fi^JS 4 3 ] husB^x— ^{4^i-/N«Dffii««r*L 

^-yfp-v(o~>v=i>>^y3>y hmm^mo 
[i»^]S4 4] ffimi&yzMmmzmz<y x.— ^comm 

[i*S4 6 3 #iie3i±g»»Jxak:, i8iB§i±*nrc 

Y^df-y h£r^— fjl/i/— @S tJROW^— X^-S/-v 

f *aPBft<aMfsnsc^*wat-r*ai»S45K:aeK 

»tltfft6*V\ -<>=r-y h-JSlBfflBOaittifi-eoiaiS 

«ttffi-i?osjs^iE»c»-r*?i±}aiso*2BBisii±*i* 

a^-TSIS^45{clBe«*«y hy->JPT'©v"; 3> 
[»*B4 8] HulB^ifSgmti:^2^mb^^-r§ 

IB* >y h V- >*Frt OS/ U n >rgRtfSl7b> 6 > =r y 
S5I BSm^ > =f -y h «• •> x — / n tc X 5 -> > ft * ISPg 
^-^j <p Rt>V >^-X^-> + ;l/@* K> 
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i mm f£ nro x — / \©fig^ e. mi eh i &t>*gi 268 j?it 
*tra-r &ct tt&m ttz 1**31471;: 

mffi.<Dfrv b^—>iFT<DisV=i>-4>=ty MSJ5S73 

S£23l±;§g<fc 9ffiv^35l±»«fc:5l±J6*<0«Hfc*> 10 
- >*p?-cd -> y n >J > rf -y h 

[«*js 5 0 1 nates i±»stt3 i±3tttoffBict>^ 

©*-y hy->rfOv"J n>-r>=f >y hS3t7JSo 
SPifi, 

IB* >y h V- >fpft<Di/ y n ^S^fr e> SJP-r > 3* >y 
h*3l±2i±3KKi:. 

flu!e*iP'C>d-y h**S»|fiiICX9't , S'V^-rsglS 

ft< tt— 3©«i^riRiofit«*B»E-r*aB4:, 

a t m 2*673 fatcx 5 x £ > 3 * -t? tut m 
m%nrcp%:< t$>— ^(DWjjfaviiLWfrbWsid&iBi 30 
tfas2BBi?jt*twr 5 spg * s c t «&st t + 

•y hiiiSTJSo 

SH23 1 ±iiS «fc 0 Sft -*I25 1 ±MS(c § I ±^«©ISB K ^ 

/-c o t pj^-r 5 3 \±&mcw&>* -y h v— vtPrtcD -> y 

-y^T(D'> y 3 >^ >dr-y bmmfi& a 
mmrn 5 3 ] mmB\±mg.&3\±&m<o®.Mict>rc 

o TttJBWfc £{fr*- li*H52lcf 2i£ 
[|f*il 5 4 ] SIllE^l BWJtRtf»2B6ira*»J£-r 

jp d > 3 ^oaai** 6 Mi Bim m2BB#wfc*aaBT § 

-f>dr>y h3l±OHfCHufB*-y h V— >*F(7»5aL b- so 
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-Od -y h3l±<DP B HCHijfB4->-y h V— >JpcO->5 n. b— 

$ nfc5 l±58SREflft5|Sli&*:/n 7 T-fMctt? Z> *s 
IB*-y hV'-i'rt©ffiW^?l±Sn5^ MfB-T^ 
gg|?J:tl-X±R?>* tulB^26gWitli(T(c*i#$ ti« 3 1±» 

s T'a 7 r -y ;i/*ft«-r § mm t ^«x. § c t *mm t 

■?Z>ffi$SM47icsffi<?>* -y h V— i/&-z<r>i/ y 3 > 
CW*J15 53 — oos/y3W>=r«y h*^&«3fi« 
T, *tjffi&-b5-M^RS#iSg B s B >'y nv^x-^Nti^- 

-gsn^ i: tut e^- 1> y is—mnmm tvx.-^<?>m 
it® i; -r s ^isf@co-b 5 -mxnmsBii' v => > *? x- 

C^*il 5 6 ] Huie*^ x— /N»*©±»«:»B««ft< 

?ectsn, stife : &'J'x-/N±£OBuiBfii^^i{i ; &^ 
-«t*»*JSS'> y 3 > ■> x -/ v 

Cli5t<Jl5 7] Hijie^^x— /NJilRlOx— ^<DS» 
®a©'>^:< fcfe36%7?£Sci;£1f®i:-r3f(!*E55 

[»*B5 8] tuIBS ■>x-^<D^P(l^«(iBufH'f 

x— /\, 

[W*J15 9] — 30i/iJ nvr>a-y hj^6«ifiS 

# •> x — / ^tf—D<D isv^y-iis^v hfr<b mmz titc 

£ £*m-?£ k*«f«i:-r*BI*3i59teffi*Ol«RfflO 
MfMMSAS" 'J 3 >•> *-/>. 
Ctt#iS6 1] 
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*wa6*»6iWB5'-v^h*ito5risifc5i± , r*#afc» 
Mien i: i ±~> -v y h (ommw s ©—jstsa 

ZCttt&WLtlr2> mmih ~> U 3 w v =f >y h * j«fi £ 

fcSia*»63S^5«nfcS2iat:«i^fisitsEfisnri3 

ZTztbO?- a 7— 

5— o 20 

[0001] 

mm<omt zzmftm ] *fgem±«t/hs^ (microeiec 

tronic)*?S!3fi*ffiRtf*B»i:BB-r*«>©T, i^P 

L < a y 3 w y n-y Sc&tf^ftfc <fc -o rm 

[0 0 0 2] 

[0 0 0 3] «BH»tt^!«K:*a!*B*S/U 3>>f 

ft & tf > w >r - *j t£ tiitmflmmmtfr\<D \<ow 

[0 0 0 4] J/U3W^ hO*B*atfH8ftffc*« 40 

[0 0 0 5] «« 0 H B '>>j3^yi7 h£8Bfi*r 

X h >^*y 9 "Silicon Processing for the VLSI Era, Vo 
lume 1, Process Technology" <Dlm. 1-35^— i?lC$> 

[0 0 0 6] 'J n XDUBttfWFa (electron! so 
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a^3^7;i/x+- (cz) s^/-di777h^-> (fz) a 
CZ«fl5*fl8fli lT^'Jn^>37h ^S^lT 
[0 0 0 7] ^a^;l/X*-/£Sfc*, JSttffiTifcKfr 

resets a ^> y ^ 2 n c <vmm% ham * n 

3 G IE^^^ffSffl^^S^yri^>-K*SS^Su 
fB}SlH->y3Vtc:TK-r*o ttl^T. 5/— FttftWtt 
#lftte»JlfStifci«*T*-6±*f6n*. *HBS/-K*S 

[0 0 0 8] »IKI±iMttHft«fc:«Jt«fc:av^ 
[0 0 0 9] ^2 l ^— CDffiBS 

it^So 02 nc^^nfccfc^jc. ^a^^;i/x^ 

— ^— 100^jp (furnace) . SbI^IJi^ #-XA. 
(hot zone furnace) ^»f(ftl^o 

[0 0 l 0] Mf5^^ hV— >JFtt4nj!!«JRi02^ 104, 

[ooi i] HufsJSAS^^^-XA^^^nfccfc^ 

[0 0 12] HuiHIH%S»JW>'X7 u A«^^>/^— S13 

o, ^*-hi32atfH^sn&v^(fi©aaft»jffli«Ra : 
»w*»iiit*ft»ic«f«n*« 

[0 0 13] «S B ^>'j3^>37f«I^f: 

a6 , hijIb^— Kiea 1 24 aaitt ^ nrc > y n > i 
26fca»ba*6, «»fc:»3EriRi (±» tc§i±^n 
^g>o m^s->yn>^\(7)tijfe^fifi>'y ^zswmi\2§<o 

#^130' TfT^n^o 



(9) 
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[0014] 

%l<^\ ccD&v&xmz— mmc&xm ( p0 in 

t defect) *fc&H£ 0 (agglomerates : 3^Tt:^P(l) 
[0 0 15] &Xm*^—*J>i'—j!&Kf&£'fy#—X 

+ h) Tfm*n££cni£-r>*— X^*;l/ 

[0 0 16] j£lfcKH±— ^tcSufE^14>'U3>i26i: 
gtti/U=3> (-iVdT^h) 128<DRa<Z>Sttffil30' T*Jg 

B©tOR*«*B*J3Svv&flf Lt^-*>S/-H$ 0 S 
*BO^«fJcfiHLT^-rS3*7BB!Jg^*So *f 

teD-r^^x^F (D-defect) fcPffcftlfc G fc"T£o 
[00 1 7] C<0<fc5ftB$DJiBS*C©£5£&B* 

££>& 0 ^ot, HSDa^COP (Cryst 

al Originated Particles) » LST (Laser Scattering 
Tomography) ^RS. £/cfci;FPD (Flow Pattern Defect 30 
s) £*ftfftfc»)fe-rSo X^>*;I/B*D«:L 
/D (Large/Dislocation) l$!)^ft5ftT^So 

a^u^vT^Bfc^si&aiti^yi/^atf^^/^c 

[0 0 18] ^< ^S^>4t^I 
[0 0 19] ^nvn^'coai&'evWGOtt (V/GT^m^ 

£n&) 3^>=fyhTja^Bo«W[*is»-r«cfc*i< 

atntisKavn^ft^aiLfc'The Mechanism of Swir 
1 Defects Formation in Silicon" [Journal of Cryst 
al Growth, Vol. 59, 1982, pp. 625-643] ICpfflfcllEili 

[0 0 2 0] #U>x7Wm<DmmiZm6*Zl l£25Bfr 

29 0 oBBB^nfc > y ^ tc^t -r £ irj± s nfc & so 
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*SIB*CWr6»2*BBBS/y#^A (Second Intern 
ational Symposium on Advanced Science and Technolo 
gy of Silicon Material) T*ffiHOfSW#**»«l/fc 
Imi3£ "Effect of Crystal Defects on Device Characte 
ristics" <£>519^— ^Ctot^So 
[0 0 2 1] IfcfcOBlST. #ffiH<E>l2 2 2 ICS££*1 

— /n-?^— ^>->— — X^^;Wl-&<Df££teV 

tt. V/GJttf B»jSW±"e»^— * v^— SM^f VdTy 
htf»*Sn*SE V/Git^BS^JXTT^-r^^- 

[0 0 2 2] »m*#&tfftt©2K <DA* 

- 9 HHft# 6 tc cfc £ fc < 5 A/<OfflBIWaBKStc fe frfr 

[0 0 2 3] *aMOBWtt, ^^-X^>^;«S 

*iSite:5l±««*ck"Wg*«n**v hy-vjpT<D 

[0 0 2 4] COct^(cLT§l±en/cButB-r>^^ h 

iti^ t ni * > i/ -^.mmm t * x - / n<d»sp 

[0 0 2 5] 

— 5£"C* & Kff ««*iffl* «»&<Z>#fc: ^b^ 6 a * 

[0 0 2 6] ^B»a*Bff^B»SWTtc*«f-r 
S§l±3S«<DJt* (V/G) ii. (1) -f V*— 

©*lBffltW±, (2) ^-^^-ES^^V^y 



(10) 
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[0027] ^ot. mmm±mm-fxny T ^M^zy 

tl& ^SS^UBEtC^f "T S ? I ±3iJKOl:t^^tulB^ 1 BB W 

tlSo 

[0 0 2 8] **W<o«S^#SK:«fe»4:. ^f^-^f 
> * ;I/S £ 9 J&B&ih*r S c i: # 7? # S Sftfc: > 

-hiMK v ^ z/ df »y h o§ I ±a« yayr^t^yn^ 
htf**y hy->rp t 90>'U3>'^lS^^^I±^ti 10 

So 

tfft^&fcffi (pure) i/V 3>">x — /^C&So 

[0 0 3 0] *»BH©BfflBO#Sfc:<fe*k> v/Gtfctf £ 
0»V^Hrtfc»JH«n*fc. A (point) >o*-x 

rsffilf^l6»aWTU:3lt«p-e**«fc5Jci*SSn 

So 20 

[0 0 3 l] *t*PB^U3>**riM-«fe»k:, 
WiaHHt*8Ht*ti«. 

[0032] ^— ^vv'— ffl&Kt&ffik-t&rctbicmji 

3l±SB*0*2BBHttttJe«ti*o tti^T. -f>dr*y 

«r. ^^E^»-r«5l±aROJt*^SWE»i«»Jt 
JW_t. WE*2B5IIJtWTfc«ll*«n*5l±a«^n7 30 

[0 0 3 3] -T>^>y h-»m»0»«ffi^ifl*ftEK: 

ftS<fc5fc^SfcAfc:te¥@#fnI (radial) ffiS^ES. 
tf*fcfrlftl (axial) iaS^E*^**n*o 4^B5FlSJT 
9x-/N««tW*jai(E4gEH:«WkJt«LT9x— /no 

$5>So 

[0034] <fct)PL<^ Btt^EttHRttlcMfttf 

So tot, v/GOJt«— «Wki*S*iaT«>x— /n© 
KRtf * v h 7"-^(iV/Gl;ktf')x-AOW6«) 

x -/ N<o«a5»oit»ffi«i wrt s -ch * o s as 

St^SnsJ;5lclS§f-rSo 

[0035] attift***ttj&iRiji:*fLTaffl-r«o 

(thermal mass) ^01^^37 h^cfct)^< so 
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S fc*. ?l±aft«— lfiW^S3ESiRtfS2(B»ltom 
[0 0 3 6] ftoT, V/G*— OOBBI|]tOH"l?ltfif« 

^R6->x-/N*^j5g$ns<:k^T?^So m^-xy 

0 & r s i ^ftt&pfe «> x -/ £ *i S c £ # S 0 
[0 0 3 7] MlBSiatf»2BWHt»H«i»Ji:S/fc«S/ 
Sal/-: ^a>fc:*oTi**ati*o OTEBWMtttS* 

[0 0 3 8] #tc, IWBWi&t«B2aWHtH:»P^>=J 
S C £ T^KWtc^T*^ So 

[0 0 3 9] Jrc^T. HulH-f >=f*y MJi^x — /nICX7 
^^»^ni)o -feS-^HS (semi-pure) ^i-A 

2&tf«2^jt«^WK*nfc^x-/N05i±i«Ka 
t>v>n^y hrt^MEi«Bsnfe«>x— /NflDttB^ew- 

[0 0 4 0] »(^>y 3^*-A|L«t5l8B»l 

Rtf»2»Jt*S^*fca6tetta»P^>=fy 

Bssjt« hWhwks nfc x- / nco5 i±a*atf-r > a 
^y hrtT««s»B*nfe^x— /N<offi«^6tf-iicsn 

So 

[oo 4 i] *9fE»«p>r>=fy ma*L<a, 

±afi^6«^Si5l±iSS«k0^o^25l±a«tc. 
±iSSJ; OKt^*33l±ifi«fcS*5l±5aSOi5Htt:iB 

oTRrs-r*§i±asT*§i±snao 
[004 2] Miemu S2Rt;»35i±iaa*±asL< 



(11) 
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[0 0 4 5] ME-fe^-fcfcBS/U nvo/c^cOtufB^l 
[0 0 4 6] hi/ij a^^r^^c-T^fc^tcia 

ft <0{&B ^ MIBIS ^ tiTc-i' 20 

[0 0 4 7] mfd!m\RXfm2&^it^rc->^3.ly—^ 

mmm i msmzmm* & # n > n y <oa^*^ & ore £ n 

[0 0 4 8] W^igSyn^r-r/WcWr^^UMS 30 
te^yny h3\±<Dmic*v h V— yjpco zs^^l \s—t 

Efc:»^S3I±ilfi©it*tfHeiB*iBB»JtW±. IS2G£ 
^fRlSJS^SEyu 7 r -OMcfcf-r « ^ a r -f >^ 

[0 0 4 9] ^PB^Unx^fca&OMfB^lR 

tf*2^jt*— -^oaPB^iae-psiBsn* c tan? 4 0 

[0 0 5 0] O0v"j3yYyn^ bfr£>S 
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>*-x^s/+;i/H*o*ftv^**i«fi*«#'r*o 

[0 0 5 1] «ilE*«>x—/^^—*>^— 

««*ft< ^t^x-^ffi«036%T\ «fct)H*L<t4 
'>ft< t&*>x — ^ffi»<D60%fc:ft&o 
[0 0 5 2] 

«*«WLfcHB*#IHfc#U<«Wr*o -73. 

[0 0 5 3] *"r*«W<OS*9^iS^Si:. *»W«4, 

9* Kit 

ti * x.-/>OWP»OIBfcffi« Lft* 

fto^»i^ffia«*^'r*a»fflo-te5-^B t >x-/N 
tcx^-rs/v^ns £ * x— ^fc*. ^Btt*ty*w 

— til/is— @^0Rt>V>'^— Otfftt^ 
(pure) >"J3^x- ^fc:ft£o 

[0 0 5 5] <«S : <-*^>-ISM^-7x^ 
h*x-/N>Hl71SH2*#flgLT. (1) ^?)** 

(2) KHE^-Av^-amflBKfciwB* 

-r>*-X^-S/^;I/HSt>*ftV^^Riffi« (pure reg 

ion) «*^«* 5-^*9 x-/NO«BS»c»-r*«R 

[0 0 5 6] Hlt^SnSi^l^ CCDJ:oft-<-^ 
VS"— ^S^x— /NOiiiiti^nVny (Voronkov) CO 

[0 0 5 7] #DV37Oi»a0 1 tCHSWtC^S 

S3l±iSS^J:t^ V/Gt*gS^nS r#-T>haJ teg 
^*nrc»gP»E^8©t£»iEKt?<0 (V/G) i cfcO^:^ 
<, ff*C^<D (V/G) 2<kD/h*<*6^nSO"Cfeti 



(12) 
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[0 0 5 8] *$JC, V/Gt4^r>=fy ht^x-A^ 
SH L T * x - / n<0 6 & 

(e) fcs**To*a36riaiv/GKB*frr*. 

[0 0 5 9] i/'j3W>n7 hM^xW^g^ 10 
(agglomerates) <DJ&j£lC$>2>o S 

[0 0 6 0] »W3iS>r»»*«HR»Jc*^5/U=i>>f 

c tic jioTttKatfsaitfis o s^-rsfefeo^ 

&ffi©-&0f*:£te£-rSo 20 

[0 0 6 1] 0 2T^«fc5^ #58?ilCJ;Sh. & 

pass [i] •tfgatsctw^fco 

[0 0 6 2] *fR6W*CckSfc. j**PBOji*3V9x-/N 

[0 0 6 3] 6£oT. H2T#fr£<fc-3fc:, ^— 30 
-SS«*^^Cftifi^r^UT^x--/N^«f«oT 

^-a* [v] *wT«c«ij*snso ceo 

T. H3T*»^Sc}:a^-*>>'-aSfS« [V] 

*u [v] 

v^U [P] m&&%> (&fc»Sfc«^-:7x* h) 0 
[0 0 6 4] ^>^-X^^;WcttLTgtf0 2£:# 

-O^—x^-^-v^jg^^x— 
£4W > halC*^ £ * x-^®»W#Efr 
UfciMSSTMEHW^^*— [I] 4 0 

[0 0 6 5] V x-/N<0t£»ffi»Li tm$ffiE<OfflT\ 

[0 0 6 6] fot, i3T*M^J;5(cf^|^ 
-avSz-MHW* [V] kWK^fcWE-^-*^- 
I»««OBt^-7i*ha« [P] ^M^tiSo so 
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aSL<tt«j|B«*B«B« [P] £fer>x-^ 
[0 0 6 7] H3-eo^x— ^N«jgj«-r*fc«>fc:v/Gti 

tf^VhaT? (V/G) iJc^^U f^CT (V/G) z£ 

V\> tiUa&lC, *x— M©**Cfre>*x— /NOffilft 
ffifefcSS4^^aS^EG^cOcfc5ftffirtfc*fir 

[0 0 6 8] fifoT. WWCi^-*>^-|| 

d a y ->—mmm^.mcmM~t zrc&ic cv/o 2 

SEgtLi T*cDV/Gte-f > £ — X^-> * ;1/HS 0 ^KitT £ 
fci&fc: (V/G) i J:D*^<lti$^na^n««:&*^o 
tot, *F<D**y hV— VteS'x — /NO^^et>x 
— />Offi»ffi»lcS5$TV/G# (V/G) 2 £ (V/G) i<0 

[0 0 6 9] ^O&fck, GA^x— K (seed) 
^^SoT, 7—)V (tail) T»*5*$T*ltt»j!pS 

5 l±£ ti5 c cfc o Tift 7? fttc^ft;* ti£ £ ^ -5 c £ 

h^Si^^?l±en^^^G^M / >^^:^o S£o 
T> v/G*«HE»iatflB2ttllJtOIBI«c|t»S*«fc» 

[0 0 7 0] -C>uy bfift\±t>tl%>C tlC£^X V/G 

mMffitii [V] JcWH-TSc^^SSo 

.[V] ojrMBOo-Y^dTy HWtt»:ll$fttt;<-7i 

^y^mt [p] ss^n^c 

[0 0 7 1] ^/c, H4T?^tlS«fc'5JC. cn(i^ 

[V] i:^-/j^>-l$!)Rtf^>*- 
X^>-v;l/H*0ft^&^U ^x-/NC0»g|5^^HufS^ 

^-»«««^iegtt#'>x-/N'rra— t?«*o * — < 

T — zl^V V & (alphanumeric) 3— 4 7?g 

S^n/-: TiDJ T&^IDaTfflS^tl^Ci:^T#§o 



(13) 



WVRV- 1 1-13 9 3 



23 

[0072] ms^y/Q^^yay h^mm^^\± 

>3> hA^JSl»!»^6§l±sn*ci:k:<fcoTW^*n 

SfcWcH* U< tt, V/Gtt*ttBSBi»t«B2IWJt©IW 

[0 0 7 3] <$ES! : ^RSv'Un /n>^67 1 7 10 

101 OfcfcH 17iSH5tc»JS-rSb, t&iKf&isV^iZ/ 

[0 0 7 4]fot, 07W5i5IOi-;^ 

*»j««fWBHWMt (V/G) 2«fe0ffi<«lfSn*o 20 
[0 0 7 5] SffiUc v/G^>*-Xf$/t;«S D 
«»*r««MEBHHt (v/G) itt±fc:lt»*n*o S£o 
Ts i8^i»>'J3y [P] x^>-wb 

P77>f;WHi 0fc:Sn£o 

[0 0 7 6] <§l±3ig7 P n^7-^;l/(D^>*:^^ 

3WBlBBHt«±. S2BWJtWT^»fip«nSJ:5fc:5l 

[0 0 7 7] mime, jflE*PBB:-a*tl6^ 

U3V*Jgrit-r*fc*fc:ti. -OdTy htf*^ 

*3l±a«OJt*^iffil?ltJW±, *2BBHtWTK:llt» 40 
<£n«£5£5IJ^Sr/n:7;p>Ol/ (Hi 0) 

[0 0 7 8] lfflE3l±a«0^n7r>f;l/ttS/5al^- 
[0 0 7 9] 2 etc, «|^H|5/ Unvote i603l±Ji* 
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[0 0 8 0] <is^^ls-i/a>lc£Z>m±.&m7uy 

->3>V7 h^x— /\^^n^^502TV/GTO*@S 
ft (A (V/G) (cM^n§) ^^^W^3>^ 

[00 8 1] jR<^T\ ^ny^504-??ct>ftA^»gP^ 
&<&«3KK»Li tcSSV/GT^fk^-fe^-^RS^x- 

[0 0 8 2] tflC, HI 3 IC^tL&^—Jj >^—B:mm 
W^-r^5/U3>orci6tC^Bul5A (V/G) te^x- 
^^gdh^aO^O^TCD^tC^tLT (V/G) iS 

t/ (v/g) z(DiBfcft»ntfft6ftv^ w^sw.s£> 

>^-X^^^7k^l%ZiS^^C^aOrBlO»>x~/N 
(D^mcttLT [I] *«tD/hS<4»n«46ft^U 

(c^fur [v] *<fe0/h*<a»titfa6&^o 

[0 0 8 31SIHH:, @6-01OT^<J;^ci^ 

pa^unv^jgjK-rsfcfetctt. SutsA (v/g) ^**c 
^6»«E«aJcs«¥Sfc»LT [v] mamma. 

[V] *ttTfc*»*n, [I] tfBSffilfi [1] *WTK: 

ssKp^nscfcatc-rsrci&tc (v/g) 2 - (v/g) itra 

[0 0 8 4] Hi lJc»-r»ttBB*«»S4:, 7U7^ 
504T\ £> L7o >y * 502^^2*1* V/GT<E>¥@3?{fc 

[0 0 8 5] 4$lC. H 1 5 VTjk^ftZ <£ O tCBUfg* *y h 
> «J»iB»f S 1 1 4 ^9 1 4 *i§ S C ^ T% fit 

tuie^9 1 4 h mwsiffi. 1 1 4 o ^7 — # y 7 x ^ 

h (carbon ferrite) 5 9 1 6 T^S 

[0 0 8 6] Ht5H 1 1 ^#It§^> V/GO$fc^ft^ 
ftOv'^xl^— ->3 >W7xi ^^508T >T>dr»y 

wn^L^aoTA (v/g) o^fb^^-rs/c^ 

tc^T^n^o ^fc ^ny^5lO"eHusB^ft^^x- 
«-nfcf*-y ^3b^n>y^506"e^jE^n^o 



(14) 
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[0 0 8 7] I^T, •7uy*5\2V3\±m&7u7T 
^HSSfettH 1 0^*ft3*5fcttHV/G*8l 

*5i4T?we5i±a*teiBB«n*o H£l<{«i±3£ 

[0 0 8 8] <ffl^fn!X^-r>'>^tC^^^I±}gJg7 P n 
^ffl L/c? I±«ft n 7 r >T Jtr*H»Wi*S* c 10 

[0 0 8 9] HI 6t?f^nSi5^ Bufe?l±aiaii: 
1.2nim/min©cfc5&ffi5l±iiS (a) £ 0 . 5mm/minCD{g 

5Lh»ft (c) RCfBtfJKI±»KK:iBaE*n«o Suf2 

fi3l±afi«0.4mm/min*fc(4*n«T"efeSCfcfefc 

t>»*o 5i±»* (b) atf (d) ToaEftttWBwafe 
o^asbv^o hi 7Wii 8T?s«ft«isfarai** 20 

[0 0 9 0] Hi 7Mi 1 8tt>f hrt-c*— # 

[V] . -0#-X*-S/^7l/-«*1W* 

[i] M^-7x^hi« [p] ^ftifnfxto 

<fc3 8:«W4Hl 7RtfBl 8^iiUc£^T^£n&i^ 
[0 0 9 1] fft>\ HI 2{:Iot, -Orfy h*^n 

/^-T3l/-^3> (copperdecoration) ^ -iZ3X7f" 

(secco- etching) > XRT (X-Ray Topography) 5^ 
*T, ^-f^^-TA (lifetime) Wffi$fcttfl&<CMRWft 

[0 0 9 2] S£L<&. XRT##K ^!7#^A$iJ$6 
htmfifa\£Vimi£tU (mirror) X 

yf^ysftftft, ^3?HMTT80O°CT4^p H 1, 1000 

[0 0 9 3] HI TT^^nScfca^fft^lBjffigPi^ 
[0 0 9 4] W^T|pjffiBP4«iJ:0/J>$i/^— 
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[0 0 9 5] *9IHtt^|PlffiBP3(*XSS»*W>*-X 

C £#T?^5 0 lot, {SBP2fcP3<OP*D(ft£ftffiS 

[0 0 9 6] (fcfrlRKVdT^ hX^>T-»^^HS-> 

^-Odf-/ h^H 1 8tc^2*lT^£o H 1 7 ^fpji: 
<^-a [v] . >f>*-;W/ + ;i/-» 

*«« [I] RDVWx^hia [P] tf^ShSo 

[0 0 9 7] HI 8Tv^n§<fc7^ ftt^ftfigPsT^ 
MPio teH l 7 fcHjlLTBlWStifttiOfcaiHK:** 
fiSffi««#€y 0 tt«P7atfPiottY> 

[0 0 9 8] LfrU ffiBPe&tfPgfci:**^— ^VS/ 
hfl«"efeSo foT, ^U>y^606TfeMP 

[0 0 9 9] cKOcfca^V/G^^-r^/c^^^^Jg 
(7)7 p n^7--t';l/^yn^^6lOT^^^n^b, -fvdr 
>y h*^n^^612T*«ifi^n«o ffi«PsRtfPto»C|»» 

[0 10 0] <*x-/N«B{fclC<k53l±i£ft<D7n:7 

mm-t&o hi 3t^n§cfc5^ s^-r^zf^ 

^ny^702^«ft5l±aKk:g|±^nSo »su> 

[0 10 1] tWAHr. S5fB?l±^Jg(il.2mm/minCDJ;-7 
^^3l±3Sig (a) frt>0.5wa/min<Dm\±mm (c) R 
tfBtfS3l±i«ftfc:BISE*ti«o Hu!B4£3l±i£fifcfco.4m 
m/min S tt * (DOCf T* & % Pf^tt fe * ^> o 31 ±MK 

(b) Ra* (d) r<D*fb«l»g«ftCfc^fflSLt^ H 

i 7Rt;n i 8T^^n^iit^t§^>3 7 



(15) 
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[0 10 2] Hi 3(cMoT. Buf2-r>=f^ Mi^ny 
^&& 0 fifoT. Hjl 7*#Sa-rst^ -tr^-M^RSv' 

* x - / \Wi 7^MW4 * ^#t^ § j; 5 & § 0 
[0 10 3] IKl/^T, i$!)Oifitf3M-T3l/->' 
3> (copper decoration) „ "fenxyfy^ (secco-e 
tching) . S 74*7Z'<U (lifetime) Wlfe&rcteftXD— 

[0 104] il7^WJ:9^ *>x— /NWiteA 

[0 10 5] ^x— ^jfefcfc/b-Si/^— iiyy— SSSISE 

[0 10 6] *>x—^NW4tii:T€)/|>^l/^— 
■««**^TS*^ M£L<&i\*^W>*~x^> 20 
^;l/«S««*W-rSo SEoT, 7n^708T% v/Gti 

Wstc^tbT^^n^o 7n^*710T3l±iift<£>:/D 

[0107] 8ufB^x-/NW3^w^irPiofflS^xssis 

osfea«rfc«ttffl*n«ci c turn 

mm^&Hi£-t-fttcwm-?2>£t&T*%z>o for, »> 30 

•>x— M<DX^^>^2)^— 7x^ h>"J ^^(Dtz^> 

[v] , ^:/#-x^-wi/-**ffi« 
[i] M^-7x^hf« [p] *«n*o 40 

[0 1 0 8] 0 1 8T*»^S<fc'5^«affl©^x-/NW 
sJbMWio 1 7 i:BBaLTBiBB*nfc«>Oi:«filtcfti 

MB«**t*o U ^ x— MW eStfUfe te^tc^— # 

T^T/^7x^hI«T^o 

[0 10 9] ^oT.^n^^706T^x~/NW 6&»[C 
WfS-T 4 (fctf ft <D{iH *U 7P7^ 708T? C <D £ 
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G^*S^^7c^co?l±3S^c07 p a^7'^;l/^yn^^7 
[0 110] >7x— /MVsRCfWslcPSLfc^x— 

5o 

[0 1 1 1] <mmttoK.Zfi'S.zL\s-i'a>&.Wilc&2> 
3l±lg^n7r'f;l/>0 1 4*#itSi:,v'5nU 

— ->3 ffix ^ 1" > fTkts ^Bugft^ig-a- 

-SoS 1 4©7"n^ ^802T^2n/c.i:'5k:->5:i 

804 ■?m&m<Dmm-<r s tut 

So 

[0 1 12] HulB'f >rf-y h©— gl?ti^*a -y ^806T$ft 
73fa(cX5^>^Sft>— ^ti :7a y^808T*^x-^ 
tCX7-f-»y^nSoS®<OV/GA^n-y^814t?tt73 

8i2T?3l±iia:/n 7 ri'M^Slx^^i-y h*^ 
a-y?814T*li3££nSo C©«fc 3 U 

•y h Vfcttr 5 -*S^R|-> U a V^rtffcflbftgTr&ft 

ni&<D3\±&mzfu7T'( Mtmts-f>^y nous, 

So 

[0 1 1 3] 0 1 QRr/SZ 0te~>5 aU— ~>3 

(01 4) <o*s^**jfflUTitoesnfc5i± 

M©/D77-l'M^to0 1 9til2an<73tag©^- 
a ^"T 5 fcib IC 1 OOcmCOS 5 1 200nunji:^ s y df 

•y h*jKftS**fc46<05l±aft^n7r-Y;l/«:*fo 

[0 114] Hi?f'J7;W^y (Mitsubishi Mater 
ial Ikuno) {C e fcoTM / F$nfc ; e-7 :f ;l'^Q41£D*-y h x / 
— ^Jb^ffl^tlfcoH 2 0 l±m 1 7 c0^iE$tlfc*-y 

[0 115] W±l?*SEWt±l2*Snfcllf*«9K:»LT 
[0 116] 

[f?B^co5Am] floT> Wiev/GJ±*<J:»)!W«fc»JW* 



i. 



(16) 
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& m& 2 n/c m^m<Dmxmm£Mi > n > r> x -/ ^ 
[oi i7] -r h-giti^gttiT 

tait$2ii:& C hTHS 0 O^Pfi*^ x — /nco^cO^ 
[0ffi<Dffi#&t£B;§] 

[0 1 ] ^O^^tC^-^>V'-Mm^(vacancy-ric 
h region) t. BU*f2^-# >S/-MfflMlfc * X-/V9 
HW#<Offl®»Sfclft«* (pure region) %ttS«)x 

[0 2] ^—27 fiS®«(vacancy-ric 

hregion)£. fufE^— # VS'— fiS1SSiS£ ■> x — >^<D 
»tf#©H©*lfc»»« (pure region) *tt-5*>i 

[0 3] ^O^lC'*— # aS®«(vacancy-ric 
h region) ftulE!^— # MliTigi^*: x—^<D 

SSffl»OP^O^|ffiffi« (pure region) *frT£«>x 

[0 4 ] ^CD^IC^— ^>'>-Ss^(vacancy-ric 
hregion)£. MfE^-* x— /n<0 

»SP»OraO^HB«S« (pure region) ^ttS»)x 

[0 5] ^O^lC*— ft^i/— ^sM^(vacancy-ric 
h region)^. tuf2^— # >>— SSfBiS i: ■> x — A© 30 
tHK»OnOftt^ie«« (pure region) m^^x 

[06] D (agglomerates) x— /vDlBfi* 

[0 7] HSt) (agglomerates) jb^l/^x^NtOSjit* 

[0 8] t) (agglomerates) A^V^x— /NCOfiig^r 

[0 9] (agglomerates) tfft^">x— /vOSBfi* 

•fl6W£*LfcttWH"tM6«o 40 
[01 0] @£ (agglomerates) A^ftV^x— /N(0»Jfi 

[011] *^{C c fc^v'^rLl— >3>tCj:^§i±31 

[01 2] *arefcJ:**|l|*|ftX^-f2/>y (axial sli 
cing) ic «fe £ § |±ias ^77^ jBKtt»M©fig* 
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[01 3] *58B§{C £3^x — /NtOHIKfb(identificat 

ion) tc cfc * § i ±mm yy^ ;i(Dmm striae* 
[014] *»wjc«fes^>dr^ h^sifrr^fc*^ 

< bC0$S^^ L fc "7 a - 7- -V - h Tfe £ o 
[0 1 5] ^-7x^h>"j3^Mn fcisb<D*5£ 

[01 6] *«WK:J;8iSU^I±asyn77^;l/ 
C0i 7] *^jc<k§siSfli^>dry 

v'-isi^, £ — (interstitial 
rich)«H«Rtf x * h««*^a» h7t^7 

:7^<d«&0T£>£o 

[0i 8] *awfc<t**2»Pw r vdry f^-^y 

v'—^SnB^ -f >^-Xf^t;l/-lI (interstitial 
7^«@^^o 

[019] *«wfccts^-* x-^Natf 
^-^x* h^x-^N^n^nricft^src*^^ 

Sft^n^r^;l/*0SW^Lfc!|#tt0T^«o 
[02 0] ^^tc^^^-^^^-^^x-/^^ 

/^-^x^h^x-/N^^n-rn^s^^/-ci6<D?i± 

[02 1] W B ->UnW>37 h*ricS^-^^fci6 
^^;l/X+-^^-(puller)^-r«tl^«^0 

[02 2] 4?n>3^(Voroiikov)aiB«0SfbUrcKM 

i o o -^3 ^v;i/X4^— 

1 0 2 -ftDSRBSK 
1 0 4-iD&giR 

i o 

i i o-iHitett 

1 1 2 - ^1^[pJ 
1 1 4-J»3BBfS 
1 2 0-«SA3l±tt 
1 2 2 - -^275-fRl 
1 2 4—>— H*Mt 
1 2 6-X4Hfc 
1 2 8— Y >rjT*y h 
1 3 

1 3 2- h 
9 1 4 -a 

9 i e-ummm 
i3o' -mmm 



4, 
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(V/G), (V/G) e 
V/G 



[02] 




[04] 



CB5] 



[p; 



[p] 




V7G «r 



>- K 



7-— /u 



[06] 




(V/G), (V/G), 
V/G 





CH7 3 
















i 1- — i 


1 , 


V ^ 



E a 



C 
V/G 



UiJ 
a E 



[08] 
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N 




4 ls=l-y hSiit 
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[0 12] 



_L 



602. 



604. 



anisic 



614 



606 




608- 



•s^isi&mcar-t-* v/g *s 



610 3l_hi4iK:7*n 7 7 /f 



612 



C0 1 9] 



2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 



20 



40 



60 



80 



100 



(cm) 



12 0] 



2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.6 
0.6 
0.4 
0.2 
0.0 



E 



20 



40 



60 



80 100 

W>=fy htD&ii (em) 
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im i 3] 



702^ 



704^ 



706 



( 9 ^-'-commit *) 



_L 




714 



708- 



^fc*H-5 VVG 



710 



712 
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[0 14] 



802- 



804- S*P-f K/SS 



806- 
808- 

810- 

812- 
814- 









V/G 


1 















100 



130- 



102 




112 



1 6] 




4 ^S^f (mm) 



r 
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1 8] 




130 



102 




100 



112 



12 2] 




(V/GJ BJl 



MffiB] 0$4^8B 
C¥tt*iIE2 3 



K*H±SCk*^*S*5t+»*cffi^5l±Ma[ (p u 
11 rate) yD7r^;l/t^7 h % /— >iP\H<D-> 
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ffi X % C t £ -T 5 * -y h V- T'tD > 'J 3 w 

>rT-y h»ifi2riio 

■Y>=r-y h^— til/i/— Hi; ^-^ty^-Of*©^— 
rttcSJRB5-a:Sfcl6C®A*v\ ifi£4jEfc:*frS3l± 

iijgcom 2 » iwt *i&£-r z>m%£, 

5 i±s nzm-t y^y h rt x-tmsm^mica-r i± 

SKp5K*i 5l±»BJ:»)«^2§|±a*fc:, itufBfg 

2 3 i±jSs <fc 0 jsi ^ 3 5 i±3isic 3 \±mm<owm ic t> 



frfcD&tJBW (1 i n e a r 1 y) fCRl^S C fcfcW 

[M$gt 7 ] bus zm 1 nmt t » 2 BBwtt *»3£-r * 

i:. 

Mfefft73 (Sit X 7 -Y •>y7Snftl¥-i' >n* -y h 
Rii:, 

i: Huteffi7a fa k. x^^-yy ifzntc^ > rf -y h T'Mfe 
a tf^ 2 nsiHt *tmt-r s t izmz. % c t *m®L t 

t m$J% 3 tct2*t<D*-y h V r —^jpT*(Di' V 3 >-T> 
rf-y b»jfi*a 0 

S-r5?l±Mfitcmrf2*;-y h V— »pfti<D~> V a >r§S4 

s^6K»i5i±ia«j:ofiv''*2 3i±aate. ^2 
3 i±a* <t 0 itf^iii 3 ? i±aac?i±as©BHc 

* t * « c t *¥im t -r s iHnRig 7 tc t mco * -y h y— 

[U»*S9] fWIH3l±aaftt5l±aSOttH»i:l3te-3 

*<y hy-y^w^y^y^ nsBfi^fe, 
imxm i o ] Sufern 1 s&Rttjstzswi 2 isg^Jt*}*^ 

#a>^7<DMWifrt>mzm 1 Rt>*^ 2 B8f1tJt*SIB-r 
^yJ7h^ l±©ratCHufB* >y h V— >}p<D~> 

w-r s § i ±2fi*i*«-r 5 ©ps t . 

-Odtv h£D3l±cop B 1tBufB*-y h V— y*p«y = a. b 
-f-fy ^ifttc «fc o faUm£im-?a 771* 

5i U— x-r ^^^nfc3l±3^JgS.t>*$ft73lSlSS7 p a7 
££*<&&£-?% 3 teEttO* -y h >*P T'CO 
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CM^l 1] lffi!>x-/M4'>i- /^®a«r# 
3 6%T**Cfc*W«fc-r*M*5l2lt:|3«fl!)*y h 

tD^ft< i:fc6 0%-efeS<:i:^ai:-rsfS5RSi l 

So 

[«3*« 1 3 ] Buf2? l±SHOJWWK: . 
33* >y h y-yJPrt^^U ^ e>S^ >=r«y 

7 1 -> + $ K> ^ "> x -/ N*Btffi-r S fSPg t , 

mtmrnsnrc *j x — / n<o§ i±iift i:Yy^h«T'o 
ffifie6issnfc'>x-/^ffis^P), ituf2«'hw<— # 

jB"p©aa43E»c»-r*5i±ia5isoik**tnic-r*ai« 

^^•53l±jffiKHu!2*-y h\r—>jpfa<D~>V nvrS 

>y M/->*pT*<DS"J 3 W>=f y hi!£Si73?fc, 

12* -y h V- yjtFrt© f V n >r§^^ e. > =f y 

suf2**f >=f.y h^mysmc^-f^y^-r^mm 

m$ 2fi73 16] fC X 5 -Y S/ > ^2 tlfc S*P-f > rf -y h rt T*S 

->+;bHS 0 tf&l/^fc < t fe— 0<Dte73lRltefi£6i& 

HEEBIES fife *> x ncD? |±jgjg fc ffig 2«73 (Rite X 5 
n fci'V 3" -y hrtT<Di!uf2^ N &< 



U -r>^-X^v- J p;HaS07b^V^f2'>^:< ^t— 
[fisRJS 1 6 ] Mffi-£©IEH©5l±jagKt>;feoT 

mmfr<z>m&fBi5\ ±jsa * 0 is^sg 2 3 1 k , im 
\ct>tci Tpr^-rs?i±ii«T'fjte^>y h v-y&too 

^ >d--y K0?|±OHtCBufB*;-y h 5 x U 

-r-^rf-y h§|±©P^lCHuI2*-y hV- >Jp<D->5x U- 
huIS*@7d iRlSfiy a 7 r SMcM? 2> ~> 5 x U— -r -r 

x i^-f-^ >ysnfc3i±i«»atf #n >3 Tmm 

yt;H*t)^y37h Ott 73 IrJ t )ft o T ^— A > is 

r 4 jVZ&TZ-r S ©PS i: S^tT 2>C£*<&M£f2>m 
*StefH*0*v hv*-y*PTO>"j3y^y37 hi^ 

Ja73?£o 

77-f;l'-e*7 h-Z-^rt^a^A^^^n-y h£ 
5 1 ±tf § SFt&ffll*. « c ^® t -T § * -y h V- >iP 
T*CDi>U 3>-r^^-y hSii73So 

-fi/ri-y h^r^— @St>^aV>^— X^v-A- 
;l/H$D*^t,^iaffl©^PB'7x--'NtcX5^^>^ 

<D* -y h )/—>jpT'<Di' U 3>-r VdT>y ^ii73r£<> 
[|f5R]S2 0] «9ffi5l±SI«k:^ff LT, -<>*-X 

>r>jy h-fsnffljossuffi-eoiaa^EKwr 

5?l±aiSc7)^ i BBIfJtSlf^— *>->-H* »)*l»ih 
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m i emttsLtRxfWEm 2 isgwjtJWTT-»}#?ns?i 
-j£.cowm<D3 \±mmc t> rc •? x mm-? % 5 1 ±51^t-hu 

-y h V- >*Frt?» 'J 3 ViglM&fr 6 K*PW > =f -y 

i:. 

BufHBSBSftfc r> x — / N<D? |±jSfif t^>37hrt T? HU 

ieBiig?4arc^x-/N(0{ftBA^HuiB^ 1 &ofss2&w 

JtfctUrr S SPB i: 5 £ i: *«f« i: "T S g&£JS 2 
[Ih5)<S 2 2 ] gME— 5£©IBB<E>3 l-t&SKfr o T 

mmfrzimzm 1 3i_hjss<fc»>ra^s523i±ja&-c» m 
mm, 2 §i_hiss «k >o 3 g i±mt? \±mm<omm 

mzffiz-Trszctzmmt-tzm&mz ike*©* 

tt<Ds}vy h l/—>iPT'<D>> 0 3 W V :i>y Hii^ffio 
4] MEM! 1 BIWJti:^2Eg|?Jt*j*^-r 

fE*-y h^->*PrtOS/'J rj>^14^e.Sat^^rf«y 

mmm-f>^^ h^wimc^^ ^yv-tzmfe 

mmmzntz&ft < t t-o^spa iRitifi-c«D3i±ii 
i\tz'j>& < tt-ooisiRittSfr e> mieu 1 s.^ 

«*ri 2 0 fcfESi© * -y h V— yt'©->'j3Wy >y 



[W*^2 5] wiB— 7£<Dmm<Dm±Mmct>tc-?T 
mm? 33 i±iiST-Hute* >y h v- >jprto>> u ^ >m 

ibis 2 5 i±a« * t) nt^m 3 5 i±^atc§ i±^aoiGH 

fC *>7"c oTBJ^t3 5 l±aiatCfltlf B*<y h^/— >*Prt<0 
n^m^^SufBa^^rf-y h*3l±S-£*g 
Ht*«*.T** C k*«F«k-*-*M*3i2 4 tKtO* 
•y h y- >tpT-V>i/ V =1 W > =f <y h ^ii^Sc 

CW#^ 2 7 ] MIB^ 1 EgWJtKctfgi 2 HHflt%Sl3£ 

*D>37om*' &HutB^ i st>'^ 2 ewMt*we-r 

-f>=f>y h5l±©H{CHuiB*-y hv"->jP©-ySal/- 
>rf-y h g |±©Pb1{c huIB* -y h V- XpOJ' 5 ^. V— 

■r*3i±js**jfc£-r*a»i:, 

MIB^Tj fSjrS^y n 7 r JMcft-f 5 -> 5 a U- f f 

IBf >ri'>y h rtosa4aiBt»-rs§i±iifiojt*^«» 
fBff? 1 BWJtUUiRtfflWH* 2 BtlSiJ±WTtc«ll«*n* 

— ^o«Ho5i±ifiSk:t)ftoTpraE-r*3i±asK, 

•y h*§l±Sli:*®Bk, 

ftJIBS^>rf>y h^^x-zMcX^-C^^^-rsgK 

^— * > ~>—m m k> ms-i > ^ - x ^ ~> * /vm s o 

MfBSIBS tl/c *> x -/n«?I±MJSI My^yhrtW 

fiJfSSSS ^ tifc x -^©fitB*' 1 5> > ^-*>->-@* 
D Rt>V > * -X^ ~> -v $ 0 t ^ x — / N(C>hf L 

^zf-y h ^BtffB^ >y h V— ><Prt©-> 'J n 

f rt/*i*srr * 15® t *3ifT -r s c t t -r * if 

m 1 8 tc|B«<0*-y h V—>fPX'<D-> U n >^ >df -y h 
[li^2 9] huIB— 7£.<£>mm<D3\±mmct>fcr3T 
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B**6»P^>=fy h*5l±S**ai»tt. JBl3l± 
jiS3(r&SWB»l5l±iS*<tOffi^»2 5l±ifi»c. tu 
IBS 2 § |±iijfi <k D 3 § l±SKk:3l±»KOff H 

K^ffi x. «§ct t-?& m$tm 2 8 \cmmco * 

C8»*3S3 0] ttE3l±aiW:fl£fTLT. 
h*5l±<£-esafg£. 

-f ;l/*8t^f S SP§ ^ *2«T-r £ c t £ t % m# 

Si fofdM<D&v hV— >jtFt»©5/y hSJ 

IBS 2 3l±iSS<fc D ffi^S 3 31 JJSftfcS l±»SE<0li5B 
tct>^oTpf^-rS5l±iS«tc:Mia*^ h!/— Vj^rtO 

K^fiix. £ C k **f « k -T « Wf#3l 3 0 iclE*©* 

[ig*53 2] mm5\±®mc9cft it> 
1-331 j^s*ite&rsa»£. 



[i^3 3] DS^OtOt*© 

*y M/— yfr\ft<Di/V^>mWfafr i b'( >3y h£:3l_t 
tf*a«*«**c hy-vjtPT^ 

M*a3 4 3 ffilE3l±affirW«fc, MfB3l±2ftfc 
-YyriV ^7>->— H*?)*«tr*©**o^— 

x^> * ;bs s k> m^mm^-t} >^-§ng 1 9 

s/— **fil«rtu:*JlfiS**fc«>fe:iBAav\ 

-r>d**y h^BufB^^y h >jP"es/U 
ftOtfcA^HulBa l ffll?Jfc«±RtfHuf3S 2 BHHtWTfc: 

im^m 3 e ] (tales 1 ^wtt tm2 mut *j*«-r 

— )60«H05l±it«fctoftoTTO**5IJ^**K:|(li 
k, 

lB^^n/c^x^NC0{i@^6tuteS 1 RffS2Bff 

it * ths-r * am k ** a * c k t -r * si^s 3 
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mmfrbimsim i 3\±mm.£>)m^mzm±mmic. m 
mm 2 ^ i±>is<fc o ia^fg 3 s i±)is k s i±j§fi©^H 

KfrfcoT^-rsSLLjIfitfufE^y hy->*PF*go 

pg£(l*T&£ C fc*#^fr«li*]S3 6 fcHEK©* 
•y h V— >iPTO->U 3>^>rf-y hf^t/jfe, 
[«^I13 8] Htjia?l±iISfi§l±^iS^H(ct)fc 

[tfjRJji 3 9 ] mmm 1 BlWJt 2 eswit^s^-r 

^-#>^-gS11i§S*WL^>£-X^^Hg;r> 

£ mmij [rHC X 5^ X £ nfc -f >3 -y hrt TbubBISIS 

Mm 3 5 tcfBSt©* -y h V— >*P-?<D -> U 3 W Vdf >y 
[St;Kgi 4 0 ] MfE-^fBBOS l±^«(c^/c o T 

5> fulfill l 3 I±3£g<fc t> {gi^fg 2 § |±&gt , Sij 
ffigf 2 ®Lkjift<fc t> iffi<^fl 3 3l±}§jSt§ |±;&K<DiEB 
\Ct>tcr> X olS-r S § l±if St tute* y h V- >*PI*)© 

pg^CS^T^^c i:^r#ai;-r«Bi*3S3 9tcf5ic(D^ 
•y hV— >p-C<0~>V a^^Odty VWS&S&o 

■oTmm^ittz c tzmmttzm^m.* o tie 

fgcD* -y h */->fpT*<D-> Dny-fy =r -y h S^jg^So 

4 2 ] Miess i fmttMfm z B#wt*Bs£ 
tfu>a7<t>m3mfr£>mzm i msw. z Eswjtsrssig-f 

-t'Vdf-y h3l±<E>RafC, Buffi* -y h >/— >*F©-> 5 x U 



ffilH l BBfMtfcLh&tfffilB* 2 BflJ±WTfc:*if#*ttS 

t>36 %t*5c t*<&m£-?zmmm3 4 {cte«<o* 

•y hy->*PT-<9^l>nW>df-y h^JgyjSo 

<o'p&< t & 6 0 %t$>zc £*<&WL£-?zmmm4 3 

So 

^•y hy— v*Frt<os/U3y}gKti^e.'i'>=f > y 

-Orf>y h*^— @$ DRDV^^— X^-v'-v 

[jii&g 4 7 ] mib? \±mmic9tn lt, 

?i±*ns^ ras^BBtw-r5?i±3is©tt^HuiBm 
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